The isolation of influenza viruses in Madin Darby Canine Kidney (MDCK) cells has shown preferential isolation of a great percentage of Influenza B strains at the first passage than Influenza A strains. During in vitro isolation of Influenza viruses, majority of type A viruses are not confirmed as positive isolates by Hemagglutination (HA) assay despite having higher virulence and pathogenicity versus influenza B viruses. This study investigated the differences in IFN-γ and IL-10 cytokines secreted by MDCK cells upon exposure to the viruses and thus provided possible answers as to why influenza type B can easily be isolated from MDCK cells compared to influenza A. Positive influenza viruses were inoculated onto MDCK cells. IFN-γ and IL-10 cytokines stimulated by the viruses in MDCK cells were measured by indirect ELISA at 1 hour, 12 hours, 48 hours and 72 hours post inoculation (pi). A total of 46 specimens, with 23 specimens from each virus type were analyzed. IFN-γ was significantly higher at 1 hour pi in MDCK cells for influenza type A at p value of 0.024 than type B. No statistical significance was observed in means of cytokine IL-10 between influenza type A and type B. The study may show that IFN-γ is correlated to the preferential isolation of influenza type B over type A viruses. Anti-inflammatory cytokines may not necessarily be playing a role in the preferential growth of influenza type B, a less virulent type over influenza type A in MDCK cells.
ease. The disease is caused by three influenza types; that is, Influenza A, B and C all of which are classified under the family Orthomyxoviridae. Influenza type A viruses infect several host species from birds to mammals, and simultaneous infection with different strains has also been shown to occur. In other cases, both influenza A and B viruses undergo significant antigenic drift, though there is lower evolutionary rate in influenza B compared to influenza A [1] . Although influenza B virus infection can occasionally be severe and even fatal, the clinical picture of the disease is usually milder than that caused by type A viruses [1] [2] .
The virus can easily spread from person to person through aerosol droplets, however, other influenza virus strains like influenza A (H5N1) (also known as avian influenza) can spread from birds (avian species) to humans through direct contact with the diseased bird. The influenza A types are further sub-divided into strains dependent on the hemagglutinin (HA) and neuraminidase (NA) proteins of the virus capsid. At the present time, there are 18 HA and 11 NA which can undergo re-assortment or mutations to give rise to new or variant strain among influenza type A viruses. It was in this regard that strains such as the case of influenza B had formed a homogeneous group, which started to diverge antigenically into two distinct lineages, whose first representatives were B/Victoria/2/87 and B/Yamagata/16/88, as the Victoria and Yamagata lineages respectively [3] . This nomenclature system was adapted after the World Health Organization (WHO) where B denotes for the type of Influenza virus, Victoria as the place of origin, 2 as the strain serial number and 87 as the year of isolation. A similar nomenclature system exists for influenza A viruses [4] .
In 1918 an influenza pandemic claimed over 40 million people around the globe; many more than those who died in World War I [5] [6] [7] . There have also been other pandemics, namely: the Asian Influenza (A/H2N2) of 1957, Hong Kong Influenza A (H3N2) of 1968 [3] . The global burden of influenza is believed to cause 300,000 deaths annually [5] . The virus is associated with high morbidity and mortality especially among persons aged >65 years, children aged <2 years, and people who have medical conditions that place them at increased risk of developing complications from influenza [8] and other respiratory infections. In Uganda, work done by Balinandi et al. 2013 [9] showed that influenza viruses type A and B accounted for 21.4% of Influenza Like Illness (ILI) cases among Respiratory infections.
The influenza isolation rate is assessed by hemagglutination (HA) and hemagglutination inhibition (HI) assays. The isolated viruses can now then be used in vaccine manufacture, which is important in controlling seasonal influenza around the year. The difference in the isolation rate of influenza virus types, A and B creates an opportunity to investigate the factors driving such a significant phenomenon.
Influenza virus type A is known to be more virulent and pathogenic compared The most implicated cytokines include interferon-alpha (IFN-α), tumor necrosis factor α (TNF-α), interleukin-1 (IL-1) α/β. These cytokines are usually followed by an increase in IL-6, neutrophil attracting interleukin-8 (IL-8), macrophage inflammatory proteins (MIP) and monocyte chemoattractant proteins [10] . The clinical symptoms associated with these cytokines include anorexia, sleepiness and lethargy. The cytokines are also more localized than systemic, implying that they are specific and induced for the particular areas affected, for example, in a study using human volunteers, higher levels of IFN-α, TNF-α and IL-6 were observed in respiratory tract secretions than in serum or plasma [11] [12] . The role and importance of each cytokine has been elaborated in several studies such as injection of TNF-α antibodies in murine model reduced lung lesion and prolonged survival by 24 hours [13] , IFN-α and IL-1 are important in fever responses [14] . It is also important to note that these very cytokines of interest in influenza disease express redundancy where by absence of one cytokine or knock out of a gene expressing the cytokine will be compensated for by another cyto- 
Materials and Methods

Study design
This laboratory-based experimental study utilized leftover PCR-confirmed positive influenza type A and B viruses. These specimens were collected as clinical nasal pharyngeal and or oral pharyngeal swabs.
Study population, site and period The population was patients who presented with signs and symptoms that met the case definitions of Influenza-Like Illness (ILI) and Severe Acute Respiratory Infections (SARI) [22] . The sample collection was done at the 11 health facilities selected to serve as Influenza sentinel surveillance sites in Uganda; Entebbe rates of 95.44% ± 4.55% in HK98/H1N1 and 81% ± 4.17% in VN04/H5N1 infected cells. The average standard deviation for the two different influenza strains is therefore ±4.36. Since there is no other written data comparing standard deviation between influenza A and B, this average was used in this study to calculate the sample size. d is the difference in this case it was hypothesized to be 5 plaques of CPE seen in MDCK cells in between influenza A and B as detected.
Therefore, the minimum sample size i n was 24 samples for both influenza A and B, however, for this study, 23 samples were considered for each influenza type, giving a total of 46 samples. This was to cater for the influenza strains: AH1N1, AH3N2, B Yamagata and B Victoria.
Sampling 
Laboratory methods
Growth and maintenance of MDCK cell cultures MDCK cell growth media was EMEM medium (Sigma-Aldrich, USA) supplemented with 0.6 µg/ml penicillin, 60 µg/ml streptomycin, 2 mM L-glutamine, and 20 mM HEPES buffer together with 10% fetal bovine serum (FBS). MDCK cells were retrieved from −170˚C liquid nitrogen, thawed in a water bath at 37˚C
and revived using growth medium and then differentiated using growth medium in a T25 flask incubated at 37˚C for 3 days. Cells were split and seeded to other flasks using Trypsin-EDTA and growth media and maintained in an incubator at 37˚C for 3 days. Maintenance medium which constituted growth medium supplements but with replacement of FBS with 7.5% BSA was used to maintain MDCK cells at the constant phase of the growth cycle. All MDCK growth and maintenance procedures followed recommendations of the WHO and CDC Atlanta influenza virus culture and isolation manuals [24] .
Influenza virus isolation and culture in MDCK cells
Influenza viruses were inoculated onto grown (85% to 90% confluence) MDCK cells. These cells were grown in T25 cm 2 tissue flasks using growth medium. Inoculated cells were maintained using maintenance media and the virus was harvested after 10 days of incubation at 37˚C.
Measurement of influenza virus induced cytokine responses in MDCK cells
Immunological cytokine responses were analyzed using Enzyme linked immunosorbent assay (ELISA) for the detection of Interferon gamma (IFN-γ), and IL-10. A standard operating protocol adopted from Leinco Technologies for indirect ELISAs was followed (See Appendix: SOP for Indirect ELISA by Leinco Technologies).
Data management
The data generated (HA titres and ELISA OD values) was recorded in a laboratory book and subsequently double entered into a data capture tool (Excel sheet) and validated for consistence and error minimization. The data was exported to SSPSS v19, 2013 software produced by SPSS Inc. for analysis.
Data Analysis
The alternative hypothesis, that "there is a difference in the amount soluble factors produced by MDCK cells upon exposure to different influenza virus types", was accepted at a p value of ≤0.05 after the quantitative value of the difference in means of the cytokines obtained from the ELISAs. 
Results
Influenza virus cytokine responses in MDCK cells for Interferon gamma
There was an observed difference in means of Interferon gamma at 1 hour between influenza type A and influenza type B with means of 2.16 and 1.61 as shown in Table 2 respectively. As shown in Table 3 , there was no observable difference in means of interferon gamma at 12 and 48 hours, whereas the observed difference in means at 72 hours is biased due to difference in number of influenza virus samples that were able to show CPE at 72 hours. Since most of influenza type A viruses showed CPE before 72 hours, they were harvested earlier thus no isolates were available for ELISA at that hour. This observed difference in means of Interferon gamma at 1 hour between influenza type A and influenza type B was a statistically significant with a p-value of p 0.024.
Influenza virus cytokine responses in MDCK cells for Interleukin 10 (IL-10)
There was no observable difference in mean values of IL-10 at 1, 12 and 48 hours, whereas the observed difference in means at 72 hours is biased due to difference in number of influenza virus samples that were able to show CPE at 72 hours as shown in Table 4 . This was because most of influenza type A viruses were harvested earlier before 72 hours when they showed 75% CPE under a light microscope.
Discussion
It has been proposed that despite the fact that influenza type A and type B are structurally and functionally similar, they show fundamental differences in the ways in which the host recognizes these pathogens [3] . In this study, the aim was to determine factors that influence the preferential isolation of influenza type B [3] , a finding supporting the faster restriction and clearance of influenza type B virus. The IRF 3 is part of a large transcription factor family which has IRF 1 -9, and these are involved in regulation of cell cycle, apoptosis and tumor suppression [27] . Interferons have been implicated to cause increased disease severity during influenza infections [28] while suppressing viral replication. It is also important to note that the most commonly implicated IFNs are the type I (IFN α and IFN β) and type III IFN (IFN λ) in influenza infection [29] .
Here we found evidence that type II IFNs are elicited differently in MDCK cells during influenza type A and B virus infection, with the former inducing higher amounts of IFN γ. In this research, we concur with Baskin et al. [28] and Kash et al. 2006 [30] , that highly pathogenic viruses will be associated with excessive pro-inflammatory cytokine response, as is seen in the first hour of infection with influenza type A. With the desire to examine if anti-inflammatory cytokine IL-10 will give an insight why there is preferential isolation of influenza type B over type A, the mean difference of IL-10 between influenza type A and type B was measured and found to be 61 and 50 respectively. This did not give any statistical significance, p 0.334, in the mean values of the viruses, implying that this cytokine has no role in the preferential isolation of influenza type B over type A. There is now evidence that influenza A virus does not require a large viral load to cause severe disease but it is not yet certain why there is a preferential isolation of influenza B a less virulent and less pathogenic strain compared to influenza type A in MDCK cells. To better understand this phenomenon, it is suggested to probe further using mean difference in the secretion of IL-4 another known anti-inflammatory cytokine.
Limitations
The specimens used in this study had been collected over a period of one year. 
Conclusion
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